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Abstract 



Artificial filaments, foils and similar articles which swell or dissolve In water are produced by extruding into a 
setting medium a solution of a polyvinyl ester containing free hydroxyl groups in which the ester group 
content is between 2 and 12 per cent of the maximum theoretically possible. The setting medium may 
comprise a water-miscible organic non-solvent for the ester, such as acetone or lower aliphatic ketones or 
alcohols, and the polyvinyl compound may comprise partially saponified polyvinyl acetate. The solution of 
polyvinyl ester in cold or hot water may be forced through orifices of 0.05 to 0.08 mm. diameter and the 
filaments so formed passed through the setting medium for a distance of 6 to 12 feet. After setting the yarn 
is twisted and wound, but it is preferably first stretched in a steam chamber at 100 DEC C, after which it is 
allowed to remain on the bobbin for 12 to 24 hours to set. In an example, polyvinyl acetate made by 
saponifying polyvinyl acetate of 100 per cent acetate content in a medium containing 3 per cent of water 
and 97 per cent of methyl alcohol at about 50 DEG C. so as to produce a partially saponified polyvinyl 
acetate containing 1 1 per cent of the theoretically possible quantity of acetate groups is heated with water 
until the polyvinyl acetate has dissolved and the methyl alcohol and methyl acetate boiled off. The solution is 
filtered and spun into acetone at room temperature, the length of immersion being about 10 feet. The yarn 
produced is immersed in acetone for 12 hours, then stretched to three times its original length while passing 
through wet steam at 100 DEG C and finally aged for 24 hours in air. Specifications 482,216 and 563,991 j 
are referred to. 
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PATENT SPECinCATION 

A'pjpliccUum Date : Nov. 21, 1942. No. 15060/41. 563,960 

Complete Specification Left : Oct. 17, 1942. 

Complete Specification Accepted : Sept 7, 1944, 

PROVISIONAL SPECmCATION. 

Improvements in or relating to the Production oi Textile and other 
Products from Polyvinyl Esters, 




We. lioBKRT Pierce Roberts. Edgar 
BiiET JoHX.soN and Harry Hector 
Taylor, <ill British subjects, of the Works 
of British C elanese Limited , Spondon . 
0 near Derby, do hereby declare the natui'e 
of this invention to be as follows : — 

This invention is concerned with im- 
provements hi the producfeion. of textile 
and otjier products from poh^*inyl esters. 
10 According to the present invention, 
artificial filaments which are soluble in 
water are produced by spinning suitable 
polyvinyl compoinids which are soluble 
in water. 

15 The prefeiTed method for the produc- 
tion of the water-soluble filaments of the 
present- invention consists in making 
them directly fi-om a water-soluble poly- 
vinyl compound by spinning a solution 

20 of the compound into a coairulating 
medium. It is prefeired to employ a 
solution of the polyvinyl compound in 
an aqueous medium, and most advantage- 
ously in water, and to spin that solution 

"io into an organic medium or a medium con- 
sisting largely of an organic liquid. 
Methyl and ethyl alcohols are not suit- 
able, but ketones, for example acetone or 
methyl ethyl ketone, or any other organic 

on liquids or mixtures of oi*ganic liquids 
which are non-solvents for the polyvinyl 
compound and which are mi.scible with 
water may be used. Thus, for example, 
a 15 — 25% solution of a polyvinyl com- 

35 pound in water may be spun into acetone. 
After the filaments have been coagulated, 
they may be di*ied and wound. 

It has been found that the gi-eat-est 
solubility in water is not obtained by 

4f) complete saponification of a polyvinyl 
compound, for example poly\anyl acetate, 
and that there exists a range of values for 
residual acetyl groups, for example, 
within which there is an optimum solu- 

45 hility in water. This i*ange depends to 
a small extent upon the degree of poly- 
meri 'Nation of the polyvinyl compound, 
but in general it appeai-s that in the case 
of sa])onifying polyvinyl acetate the best 

50 ranoe for the degi-ee of saponification is 
tiiat in which 5 — 15% of the theoretical 
maxim um of ac etyl groups is retained. 



If polyvinyl butj-rate is used* for ex- 
ample, the range of residual butyiyl 
groups will be somewhat lower than the 55 
figures indicated. However, even where 
the polyvinyl compound used for spin- 
ning is not completely soluble in cold 
water in the sense that it will not form a 
clear solution upon attempting to dis- 60 
solve it in cold water, solution and spin- 
ning may be carried out by heating the 
polyvinyl compound with water to dis- 
solve it. and then either cooling the solu- 
tion or spinning it while still warm. 65 

The production of the water-soluble 
polyvinyl compounds is usually effected 
by saponifying ixjlyvinyl acetate or other 
saponifiable polyvinyl compound, and 
since the product has subsequently to be 70 
dissolved to form a spinning solution it 
is preferable to cawy out the saponifica- 
tion process also with a medium which 
will dissolve both the starting material 
and the water-soluble compound produced. 75 
For example polyvinyl acetate may be 
retiuxed with methyl or ethyl alcohol 
until it is dissolved, after which a solu- 
tion of caustic soda in methyl or ethyl 
alcohol is mixed with the poly^'inyl 80 
acetate solution . and saponification 
effected. When an alcohol is used as the 
solvent medium it is necessai-j* to employ 
only a relatively small proportion of the 
amount of saponifying agent theoretically 85 
required to effect the desired de^iree of 
saponification. For example an amount 
of caustic soda equal to 1 or 2% of the 
weight of polyvinyl acetate is sufificient to 
effect complete saponification. 90 

As already indicated, the solubility 
properties of the saponified product are 
dependent to some extent upon the saponi- 
fying conditions employed. In general 
the best results appear to be obtained by 95 
dissolving polyvinyl acetate, for example, 
in metliyl alcohol, and mixing the solu- 
tion with a solution of the desired amount 
of caustic soda also in methyl alcohol. 
1.25% of caustic soda on the weight of 100 
the poly^-inyl acetate has given very good 
results when can-ying out the saponifica- ^ 
tion at about 40 — 50^^ C. in a t-otal quan- 
tity of methyl alcohol of some 2 — 4 times 
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the weight of the polvvhiTi ncetate. To 
obtain the products i-efenvtl to above 
witliin the range oi niuximurii solabmty 
in cold watei-. the dep:ee of suponitica- 
tiou may be contuolled in auy desired 
manner. For example, the ?aponitica- 
tion may be Ccuried out very slowly at- 
comparativelv low tempei-atures, and 
stopped at the desired .stage. However, 
a much better contml is obtained by con- 
trolling the amount oi water hi the methyl 
alcohol or similar saponification medium 
as is described in our application. No. 
7297/4S (Serial Xo. ">6a.991). ■ It is 
fomid that by adjusting this amount of 
water, a veiVri-id control is obtained oyer 
-the nature oi the ultimate saponitication 
product. The more water tiiere is 
present, the hisher is the residual acetyl 
content of the saponified polyymy 
acetate. For the range of residual 
acetyl si'oups given above.. namely 

5 15% of the theoretical maximum, a 

total content of water of 2— o% on the 
weight of the methyl alcohol appears to 
crive the best results. 

" The degree of polymerisation of the 
polyvinyl compoiind is also of importance 
and it should preferably contain 100 or 
2f)0 or more polyvinyl residues. 

A further impoi-tant feature of the pre- 
<;ent invention is obtaining a good tensile 
strength of the water-soluble polyvinyl 
filaments. Accordinar to the invention, 
the tensile strength of the filaments as 
f^pun is increased by subsequently subject- 
inn them to a stretching operation. This 
stretching operation niay be earned out 
in air. but is preferably earned out in the 
presence of a softenini:' agent for the poly- 
vinyl compound. Water is, of course, a 



SO 



So 



90 



95 



powerful softening ai-ent and. if used, lias 
to be used with caution. In the form 
of an atmos]ihere of steaUi it givatly facili- 
tates the stretcliing of the iilaments. and 
even an atmosphere of huiitid air is very 
advantageous. By these uieans. stretches 
,,l 4(jO_3si;n)% or more of the original 
length OI the filaments may be obtained. 
One si'ecific metliod wliicli we have found 
advantageous is to immerse the filaments 
on bobbins in acetone, and tlien to pass 
the filaments from the bobbins through 
an atmosphere of steam in which they are 
stretched. After passing through the 
steam, thev are taken up on another 
bobbin, and allowed to remain on the 
bobbin under tension for 12 iiours or so 
in oilier to age them. This subsequent 
ageing is likewise of some .impoitauce m 
obtaining a stable product of good ten- 
.sile strength. 

An important use of the water-soluble 
filaments with which the pi^"^^*^"^- hiven- 
tion is concerned is for the pi-oduction of 
water-soluble fabrics used for panichutes 
for mines to be laid in rivers or the sea. 
since after the mine< have been laid the 
- parachute dissolves and does Jiot- reveal 
the I'l-esence of the mine. Filaments 
intended for this pui'p*"'>^e may be dyed a 
suitable shade to render the panichute 
inconspicuous before is dissolves. For 
instance a dyestiiff may be introduce<l 
into t]ie spinning snlnrion. The water- 
soluble compounds may als" be used f^r 
other purposes, f-.-r example, as sizes- 
Dated this -ilst dav of Xovember. U»41 - 

STEPHENS ALLEN. 

Chartered Patent Agents. 
Wykeham House. Gordon Avenue. 
Stanmoi*e. Middlese.^. 



COIVTPLETE SPECIFICATION. 

Improvements in or relating to the Production oi Textile and other 
Products from Polyvinyl Esters. 
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We Robert Piekce Roberts, Edgar 
Beht' Johnson- and H.^rry Hector 
Taylor, all British subjects, of the Works 
of British Celanese Limited. Spondou. 
near Derby, do hereby declare the nature 
of this invention and in what manner the 
same is to be performed, to he particti- 
iarlv described and a.scertained in and by 
the' following statement: — 

This invention is concerned with 
intprovements in the production of tex- 
tile and other materials from polyvinyl 
esters. 

It is known tliat |»>Jy vinyl estei*3 ma\ 
be saponified partially "r- cmpletely and 
that the solubiUty of tlie estei-s ni 
different solvents niay be vvidely varied 
according to the degree to v.liicli the 
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saponiiication is carried out. In Biitish 
Specification Xo. 4H2.-JUi tlitrre is des- 
cribed :t process in wliic!: pulyvmyl ester^ 
;,re iU'<t saponified lo a cei-tain decree :nid 
are tiien shaped, e.-. Uy extrudin- soln- 
tions thereof into an evaporative nitdnnii 
ny a li'iuid coasidatint,' batli: tlie de^jive 
of saponification is he such tliat tiie 
piwlncts are s-luble iji orLsmic solvents ^ 
and substantially in.^oiuble in water: an-l lUo 
these requirements aie satistied by a 
^^aponiKed poly^'inyl ester which has 
ester sroup content oi 60 — 80% of 
ma>:iraimi theoretically possible. ^ 

The pre:jent invention, however, onns ll'» 
at the lii-^duct-inn of -haped article*, e.uj. 
tilHM.ents. varii<'. foils and the like uhiuh 
are capable of being swollen or dissolved 
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by water, by extruding into fi settling 
meditim a solution of a polyvinyl ester; 
to achieve this is is necessary that the 
.polyvinyl ester should have the desired 
5 sensitivit?y towards water, and also that 
the solution should be capable of. being 
shaped by e:ctrusion (or '* spim ") suc- 
cessfully. We have now found that 
polyvinyl esters having an esjter group 

10 content between 2 and 12% are satisfac- 
toi-y starting materials for tlie pi*oduction 
of such articles, both as regards their 
sensitivity towards water and tlie spinning 
properties of their solution. 

15 According to the present invention, 
therefore, artificial filaments, foils and 
similar articles which swell or dissolve in 
water are produced by shaping and 
setting solutions of polyvinyl esters con- 

20 taining free hydrox^^l gi'oups in which the 
ester group content is between 2 and 12% 
of the maximum theoretically possible. 

Prefembly the polyvinyl ester em- 
ployed contaiiis acetyl gix>iips» although 

25 estei-s containing other gi'oups, e.g. 
butyl groups, may be used. The degi-ee 
of polymerisation is preferably such that 
the polyvinyl ester contains 100 or 200 or 
more vinyl residues. 

^iiO The artificial filaments and other 
articles ai"e preferably produced by 
extruding an aqueous solution of the 
polyvinyl ester into a coagulating medium 
containing a water-miscible organic non- 

o6 solvent for the ester. Usually a concen- 
tration of about 20. 25 or 30% of poly- 
vinyl ester gives a solution having a smt- 
able spinning viscosity. The solution 
may be prepared by dissolving the poly- 

40 vinyl ester in cold water or by heating 
it up with water and, if necessaiy, the 
solution may be spun while it is still hot. 
For the production of filaments, jets 
having orifices of about 0.05, to 0.08 

45 miDin}etres diameter are suitable and the 
solution may be exti-uded through such 
jets into a co.igulating bath and passed 
through the bath for a distance, for 
example, of 6 to 12 feet. The water- 

50 miscible organic non -solvents which it is 
preferred to use are lower aliphatic 
ketones, particularly acetone, though 
...otlier such compounds, for example lower 
aliphatic alcoJioL?. may be employed.. 

55 After setting, (snd . drying if a wet- 
spinning process is employed) the vara 
may be wound or twisted and wound and 
then employed for the production of 
fabrics or other articles. It is prefer- 

60 able, however, that it should first be 
subjected to a stretching operation in 
order to increase its tenacity. Stretching 
may be carried out in air. but is prefer- 
ably effected in the presence of a soften- 

65 ing agent ff)r the polyvinyl ester. Water 



is. of course, a powerful softening agent 
and if used must be used with caution. 
\Ioist air may, for example, be employed 
but preferably an atmosphere of steam is 
used. A very u.seful method comprises 70 
stretching the yarn while it passes 
tlirougli a chamber containing steam, e.g. 
at a temperature of 100* C, after which 
it is wound and allowed to remain on 
the bobbin under tension for 12 to 24 75 
houi*s in order to set- The degree of 
stretch may, for example, be 2. 4 or 6 
times according to the tenacity and exten- 
sion requii'ed in the tinid yarn. One 
specific method which has been found 80 
advantf'igeous is to immerse the yai'ns on 
bobbins in acetone, and then to pass the 
yarn from the bobbins ' through an atmo- 
sphere of steam in which they are 
sti-etohed. After passing chrough the 
steam they are taken up on other bobbins 
and allowed to remain on the bobbins 
under tension for 12 hours or so in order 
to age them. This ageing is of some 
impoi-tance in obtaining a stable product 00 
of good tensile strength. 

The value of the stretching operation 
is not limited to polyviiiyl ester yarns 
sensitive to water which have been pro 
duced as described in the present appli- 95 
cation, but is applicable to such yams con- 
taining hych-oxyl gi-oups :ind having an 
ester group content of 2-12.%, however 
they may have been produced. 

While the process of the present inven- 100 
tion is not confined to the use of poly- 
vinyl esters produced by any particular 
process it hns been found that compounds 
which have properties rendering them par- 
ticularly suitable may be obtained by lt:5 
saponifying polyvinyl estej-s of compara- 
tively high ester group content in solu- 
tion in a medium comprising an alkali, 
a lower aliphatic alcohol and not more 
than 10%, especially between 1 and 4%, 110 
of water, calculated on the total weight 
of liquid present at the commencement of 
saponification, the amount of alkali being 
substantially less than that theoretically 
necessary to effect the desired degree of 115 
saponification. It hns been found that 
the degree of saponification and the solu- 
bility prf)X)erties of the polyvinyl ester 
obtained can be controlled to some extent 
by adjustment of the amount of water 12U 
present in the saponification medium, the 
greater the quantity of water €iie higher 
being the ester content of the product 
obtained. This proce-ss is more fully 
described and claimed in oui* Specifica- 125 
tion No. 7297/4?i (Seriid Xo. 563,991). 
Example I. 
A jmlyvinyl acetate* with an acetate 
content of 11% of the maximum theor- 
etic^dly possible was made by saponifying 130 
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I>olTTiuyl acetnte, of approximately 
100% ncetate content, at about 50"* C. in 
a saponification medium coutaining 
1.25% of caastic ^otla ("calculated on the 
o weiirlit of the polyvinyl acetate) dissolved 
in fVqueous methyl alcohol containing 3 
pajts by weight of u-ater and 97% parts of 
methyl alcohol; saponification was con- 

li) tinned until the pmduct separated out. 
Tlii.s product was intiwluced u-hile still 
wet into hot water ;ind tlie mixture was 
lieated on a water bath until the poly- 
vinyl acetate had dissolved and the 

In methyl alcohol and metliyl acetate had 
I^oiled off. The amount of polyvinyl 
acetate used was sufficient to give a solu- 
tion liaving a concentration of about 
'2S%. The solution was filtered while 

20 wai-m. after whicli it was spun into 
acetone at room temperature, the length 
of immersion being about 10 feet. The 
yarn pi-oduced was twisted and wound 
and the I)obhin<: were immei*sed in acetone 

*25 for about 12 hours to allow the yarn to 
age. It was then stretched to about o 
tinies its original length while passing 
through a chamber containing wet steam 
at lOO* C. and then aged for 24 hours in 
air after which it was ready tor use in 
the production of fabrics or other articles. 
Tlie yarn produced was soluble in cold 
water. 

EXA.MPLE II. 

P*/} A polyvinyl jicetate was made as 
described in K.vample T. except tbtit the 
saponification medium containing of 
water mid ^^7-1% of methyl alcoliol. with 
the result that a product of slightly lower 

40 acetate content was obtained. Yarn 
produced therefrom by the process des- 
cribed in E.xample I did not completely 
dissolve in cold water, but shrank and 
sank in the water after immersion. 

45 Tiie saponification process described 
in the above Examples form part of the 
subject matter of our Application Xo. 
7297 42 {.Serial Xo. 0^^.991). 

Yarns obtained from polyvinyl estei-s 

;")0 of ester group content between 2 and 
12%. as descxibed in the present applica- 
tion, may be employed for the production 
of fabrics and may constitute eitlier the 
whole of such fabrics or may fo»-m only 
part thereof. For example they may be 
used as weft in conjunction with a warp 
made of acetone-soluble cellulose acetate. 
Tliese fabrics, which dissolve or disperse 
in water, are very useful for the produc- 

fiO tion of pamchute^ for mines to be laid in 
rivers or the sea. since after the mines 
have been laid the parachute becomes 



substantially invisible and does not reveal 
' ■ the pi-esence of the mine. Such fabrics 
may be dyed a suitable shade in oi*der to 66 
render the parachute inconspicuous before 
it dissolves, for instance, by introducing 
a dyestuii into the spinning solution from 
which the yarns are proiluced. 

Having now particularly described and 70 
ascertained the nature of our said inven- 
tion, and in what niajmer the same is to 
be performed, we declare that what we 
claim is: — 

1. Process for the pi-oduction of arti- 7o 
ficial filaments, foils and shnilar articles, 
which comprises extruding through a 
shaping device into a setting medium a 
solution of a polyvi)iyl ester containing 
free hydroxy 1 groups in which the ester SO 
gi'oup content is between 2 and 12% of 
the maximum theoretically possible. 

2. Process for the production of arti- 
ficial filaments, foils and similar articles, 
which comprise extruding an aqueous 8;1 
solution of a polyvinyl ester contnining 
free hydroxyl groups, in which the ester 
group content is between 2 and 12% of 
the maximum theoretically p*:>ssible. into 

a coagulating medium comprising a water- Qfl 
miscihle organic non- solvent for the 
ester. 

o. Process according to Claim 2. 
wherein the oi-ganic non -solvent is a lower 
nliphatic ketone. 95 

4. Process according to Claim 2, 
wherein the organic non-solvent is 
acetone. 

5. Process according ro any of the pre- 
ceding claims, wherein the polyvinyl H>^ 
compound contains vinyl acetate groups. 

6. Process for iniprr.ving tlie properties 
of water-sensitive yarns and similar 
articles made of a polyvinyl ester contain- 
ing free hydroxyl gi-oup-; and having an lO^J 
ester .:-roup content between 2 and 12%. 

of the maximum theoretically possible, 
wliich comprises sul>jecting said articles 
to a stretching operation. 

7 . Pro'c ess a c cord i n :r to C* 1 a im 6 . 110 
wherein stretching Is effected in an atmo- 
sphere of steam. 

8. Filaments, foils and similar articles 
having a basis of a pf.ly vinyl ester con- 
taining free hydroxyl srroups which swell II 
or dissolve in water, obtaiiied by any of 
the processes hereinbefore described oj* 
claimed. 

Dated this 16th dav of October. 1042. 

STEPHEXS & ALLEX, 

Chartered Patent Agents. 
Wykeham House, Oordon Avenue. 
Stanmore, ^liddlesex. 
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